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MICHAEL R. HEAPHY , M . D .• AND R. K . WINKELMANN , M . D .• PH. D . 
Mayo Clinic and Mayo Foundation , Rochester. Minnesota, U. S. A . 
The human cutaneous basement membrane (CBM) has been isolated together with the 
anchoring fibrils (AF) of the dermis. These structures are removed from the dermis as a 
single complex, the CBM-AF complex. The epidermis is first removed from the dermis by 
immersion of whole, defatted skin in cold 2 N NaSCN for 5 to 6 hr. Subsequently, removal of 
the CBM-AF complex is effected by focusing high-intensity ultrasonic energy against the 
dermal surface. Purification of the preparation is achieved by low-speed sedimentation . All 
stages of the process were monitored by electron microscopy, which demonstrated that the 
morphology of the CBM-AF complex was well preserved and that this complex represents 
the principal mass component in the system. 
In adition , our report describes an ultrasound-induced variation in collagen fibril mor-
phology, which we have called "disordered collagen." This a ltered type of fibril lacks 
periodicity or recognizable banding and has a frayed appearance. Finally , the experiments 
provide the basis for an analysis of the relative strengths of certain bonds at the dermal-
epidermal junction. The strongest of t hese appears to be the bond between basement 
membrane and anchoring fibril. 
The cutaneous basement membrane is an elec-
tron-dense. relatively amorphous. finely fibrillar 
structure that varies in thickness from approxi-
mately 500 to 800 A 11.21- Some investigators call 
this structure t he basal lamina . The amorphous. 
matrix-like fibrillar appearance of the cutaneous 
basement membrane is similar to that of basement 
membranes found in other organs [3,4]. 
The anchoring fibrils apparently are unique to 
skin and other surface epithelia exposed to fric-
tional forces. These branched banded fibrils are of 
nearly uniform length and, as shown by a number 
of workers 15.6], subserve an anchoring function. 
Although basement membranes from other or-
gans [7] were isolated years ago and have been 
subjected to extensive study in a number of labora-
tmies [8.9]. the cutaneous basement membrane, 
until now. has been refractory to attempts at isola-
tion. Recently. we developed a technique that per-
mits isolation of the human cutaneous basement 
membrane together with the anchoring fibrils 
[10). These structures are removed from the der-
mis as a single complex, the human cutaneous 
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Abbreviations: 
AF: anchoring fibril 
CBM: cutaneous basement membrane 
basement membrane-anchoring fibril complex 
(CBM-AF complex). 
In this report. we outline our technique for the 
preparation of this complex and discuss its ultra-
structural features. In addition, the role of the 
complex in the maintenance of dermal-epidermal 
adherence is discussed. as is its function in form-
ing certain topographic features of the dermal sur-
face. 
MATERIALS AND METHODS 
The panniculus was carefully cut away from freshly 
excised sheets of full-thickness skin obtained from sur-
gical specimens. The sheets were frozen at -70° C until 
they were used. The epidermis was completely peeled 
away from the dermis after the partially thawed sheets 
of skin were immersed in cold (] to 3°C) 2 N NaSCN for 4 
to 6 hr. The resultant sheets of dermis were firmly 
clamped into a Plexiglas dermal framing device (Fig. 1) 
and covered with 5 to 10 ml of phosphate-buffered saline 
(pH 7.4) containing 0.0075% sodium dioctyl sulfosucci-
nate and vigorously but intermittently sonicated. Soni-
cation periods were approximately 1 min in duration. 
and the der mal framing device was kept in an ice bath 
during and between periods of sonication to facilitate 
dissipation of heat. Aliquots of phosphate-buffered sa-
line were removed from the framing device at periodic 
intervals; sonication was discontinued when the trans-
mittance of these aliquots at 340 nm was reduced to 40 
to 55% of control phosphate-buffered saline. Sonication 
was carried out with the Biosonik device (Bronwill 
Laboratories, Rochester. NY). This device has a 112-inch 
diameter. stainless-steel ul trasonic probe. the tip of 
which is just barely immersed in the phosphate-
buffered saline layer during sonication. Frequency of 
the device is 20 kHz. Maximal power outpu t of the 
177 
178 HEAPHY AND WINKELMANN 
FIG. 1. Top: Dermal framing device made of Plexiglas 
containing strip of dermis (35% of true size). B ottom: 
Schematic drawing of dermal framing device showing 
relationship of removable spacers to dermal space. De-
pending on length of dermal strip, a variable number of 
spacers are removed to give the ultrasonic probe access 
to the dermal surface. 
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device is 125 watts. A power output of 70 to 80% of 
maximum was most frequently employed. 
After sonication, the phosphate-buffered saline solu-
tion was transferred from the framing device to 12-ml 
conical centrifuge tubes, and the suspension of micro-
scopic particulate matter was sedimented at 1,900 rpm 
for 5 min. The pellet was resuspended in cold 0.15 M 
potassium acetate for 1 to 2 hr, and the suspension was 
periodically resonicated. Centrifugation of the potas-
sium acetate suspension at 1,900 rpm for 5 min was 
followed by resuspension of the pellet in fresh 0.15 M 
potassium acetate. The steps outlined in the last two 
sentences were then repeated twice. 
Electron microscopy was used to monitor the com-
pleteness of epidermal removal after immersion of skin 
in 2 N NaSCN as well as the ability of ultrasonic energy 
to remove the basement membrane from the dermis. In 
addition. the effects of ultrasound on dermal structure 
and on the structure of interstitial collagen fibrils , the 
effects of centrifugation and of potassium acetate on the 
composition and structure of suspensions of particulate 
matter resulting from sonication. and t he ultrastruc-
tural features of the CBM-AF complex itself were all 
documented by electron microscopy. 
Preparation of specimens for electron microscopy was 
similar to the method descr ibed by Knutson Ill] . Speci-
mens of skin, unsonicated dermis, or sonicated dermis 
were obtained with a 2- or 3-mm biopsy punch and 
immediately placed in 2.5'*' glutaraldehyde and 2lJic 
paraformaldehyde in 0.03 M phosphate buffer 112] for 4 
hr and then washed in 0.16 M phosphate buffer 113]. The 
FtG. 2. Dermal surface. Epidermis has been peeled away after treatment with 2 N NaSCN. Cutaneous basement 
membrane remains adherent to dermal surface ( x 5,100J. 
FtG. 3. Dermal surface after sonication. Arrows show areas of base ment membrane removal ( x 5,100). 
